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A process of treating corrosive liquids to protect metallic surfaces exposed to such liquids, comprising the step of in- 
creasing the redox potential of the corrosive liquid, for example, by means of hydrogen peroxyde, before it contacts the 
metallic surface to be protected, whereby the process liquid causes the formation of a protected oxide layer on said metal- 
lie surface. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCTon the frontpages of pamphlets publishing international appli- 
cations under the PCT. 



AT 


Austria 


FR 


France 


ML 


Mali 


AU 


Australia 


GA 


Gabon 


MR 


Mauritania 


BB 


Barbados 


GB 


United Kingdom 


MW 


Malawi 


BE 


Belgium 


HU 


Hungary 


NL 


Netherlands 


BG 


Bulgaria 


IT 


Italy 


NO 


Norway 


BJ 


Benin 


JP 


Japan 


RO 


Romania 


BR 


Brazil 


KP 


Democratic People's Republic 


SD 


Sudan 


CF 


Central African Republic 




of Korea' 


SE 


Sweden 


CG 


Congo 


KR 


Republic of Korea 


SN 


Senegal 


CH 


Switzerland 


LI 


Liechtenstein 


su 


Soviet Union 


CM 


Cameroon 


LK 


Sri Lanka 


TD 


Chad 


DE 


Germany, Federal Republic of 


LU 


Luxembourg 


TG 


Togo 


DK 


Denmark 


MC 


Monaco 


US 


United States of America 


n 


Finland 


MG 


Madagascar 







WO 89/08728 PCT/AU89/00105 

- 1 - 

METALLIC SURFACE PROTECTION 
FIELD OF THE INVENTION : 

This invention relates to the treatment of chemical 
process liquids which cause corrosion, and ultimately, 
stress corrosion cracking, of metallic surfaces exposed to 
such liquids. 

BACKGROUND OF THE INVENTION : 

Ferrous materials, including both plain and alloyed 
carbon steels, are susceptible to a corrosion phenomena 
known as stress corrosion cracking (SCC) or caustic 
embritt lement when exposed to hot caustic liquors. This can 
cause significant problems in industrial plants utilizing 
hot caustic liquors for processing. For example, alumina 
refineries (e.g. Bayer plants) which digest bauxite ores in 
sodium hydroxide at temperatures up to 300°C use plain 
carbon pressure vessel steels for pipework and vessels in 
the liquor stream. Similarly, pulp digesters in the paper 
industry are exposed to the same type of environment. 

Plain carbon and alloy steels remain relatively inert 
under these conditions due to the formation of protective 
oxides and scales. They are, however, sensitive to stress 
corrosion cracking, a process involving selective 
in ter granular or tr ansgranular attack which penetrates deep 
into the metal structure. SCC occurs under a range of 
specific conditions in the process stream and has been 
loosely allied to liquor temperature, caustic strength and 
stress level in the metal. The incidence and intensity of 
attack increases with increasing levels of the three 
factors . 

As the name SCC implies, the stress factor is an 
important factor in the mechanism of attack. Stresses can 
arise during fabrication (e.g. along weldments, bends, etc.) 
or can be introduced due to temperature and/or pressure 
fluctuations in the process stream. 

Measures taken to avoid or reduce the risk of SCC 
include : 

i) post weld stress relief 

ii) temperature limits 
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iii) caustic strength limits 

iv) anodic protection (paper industry) 

The specification of temperature and caustic limits 
reduces the range of operating conditions which can in turn 
limit plant productivity. Post weld stress relief is 
regarded as one of the most effective mitigation measures 
but cannot be controlled sufficiently to ensure full 
protection against SCC failures. 

Considerable effort has also been directed towards 
developing cost-effective SCC resistant alloys but further 
work is required before this can be achieved. 
BRIEF DESCRIPTION OF THE INVENTION AND OBJECTS ; 

It is an object of the present invention to provide a 
process of treating corrosive liquids to protect metallic 
surfaces exposed to such corrosive liquids against corrosion 
to thereby materially reduce the incidence of stress 
corrosion cracking. 

The invention provides a process of treating corrosive 
liquids to protect metallic surfaces, and particularly 
ferrous metallic surfaces, exposed to such corrosive 
liquids, comprising the step of increasing the redox 
potential of the corrosive liquid before it contacts the 
metallic surface to be protected whereby the process liquid 
causes the formation of a protective oxide layer on the 
metallic surface. 

The invention may be applied to any corrosive liquid 
and is particularly applicable to hot caustic liquids. The 
process of the invention results in the metallic surfaces 
►contacted by the treated caustic liquid being passivated by 
the formation of the protective oxide layer, which in turn 
substantially alleviates the problem of stress corrosion 
cracking. 

The invention is specifically applicable to the 
treatment of Bayer process liquors to reduce the incidence 
of stress corrosion cracking of plant materials contacted by 
the process liquors. However, the invention is equally 
applicable to other corrosive liquors in other industries, 
such as the paper industry. 
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The step of increasing the redox potential of the 
corrosive liquid may be achieved by the addition of any 
suitable oxidizing agent to the corrosive liquid. Suitable 
oxidizing agents include H 2 0 2> NaH0 2 , 0 2> 0 3 , NaN0 2 and 
KMnO^. Such oxidizing agents increase the redox potential of 
the liquid which in turn promotes passivity of the metallic - 
surface. 

Brief Description of the Drawings : 

A preferred embodiment of the invention will now be 
described with reference to the accompanying drawings in 
which: 

Figure 1 is a graph showing the effect of caustic 
concentration and temperature on SCC plain carbon steel in 
Bayer liquor, and 

Figure 2 is a graph shown the effect of H 2 0 2 addition 
SCC sensitivity. 

Description of Preferred Embodiment : 

In the Bayer process sodium hydroxide is used to 
dissolve alumina from the bauxite ore at temperatures up to 
300°C. The so-called pregnant liquor is subsequently cooled 
to 100°C through a series of flash tanks and settled and 
filtered to remove the insoluble residue. Alumina is then 
precipitated from the caustic liquor which is reheated in a 
series of heaters and returned to the digester. Following 
the precipitation the recycled liquor is referred to as 
spent-liquor and it is this liquor which contributes 
predominantly to stress corrosion damage. 

The components in the spent liquor circuit susceptible 
to SCC include the heater tubes and tube sheets and the 
interconnecting pipework between each heater. The latter are 
particularly sensitive to SCC along weldments. In general 
welds are stress relieved to reduce the risk of SCC. 

The incidence and intensity of SCC in this part of the 
circuit has been found to increase along the heater chain as 
the temperature of the liquor increases. 

Treatment of the process liquor is preferably performed 
at the low temperature side of the spent liquor circuit, but 
it may also be undertaken to adva ntage at the- high 
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temperature end if organic impurity (e.g. humates) control 
is required in the process stream. Where the oxidizing agent 
is H 2 0 2 » an effective concentration range in quiescent spent 
liquor required for protection against SCC at 160°C is 0.05 
- 1-5% (V/V), or 50 - 3,000 mg per litre of spent liquor and 
preferably in the range 200 - 1,000 mg per litre of spent 
liquor. At lower temperatures the amount of H 2 0 2 required 
will be considerably less. Conversely, the level will 
increase with increased caustic concentration and 
temperatures. Similarly, any increase or decrease in the 
organic impurity level in the process stream will require a 
corresponding adjustment in the level of H 2 0 2 required for 
protection. 

Modifications in the chemistry of the peroxide 
solutions may also be made to increase the stability of the 
peroxide and thereby reduce the level required for SCC 
mitigation. Alternatively, other more potent oxidants may be 
used to produce the same result. 
TESTING ; 

The effectiveness of oxidant dosing to reduce SCC was 
assessed using a slow strain technique, known as slow strain 
rate testing (SSRT) which is an accelerated test for SCC 
sensitivity. This technique is accepted as a useful test for 
identifying the stress corrosion resistance of metals but 
cannot be used to determine time to failure. Tensile 
specimens are strained to failure at a constant rate (10-6 
sec -1 ) in a known tensile testing machine. 

The reduction in cross sectional area measured at the 
time of failure gives a direct indication of the ductility 
of the metal. For example, if the reduction in area of a 
medium carbon steel exceeds 50%, the failure can be 
considered ductile and the stress corrosion component can be 
assumed to have had a minimal effect on failure. Conversely, 
when the reduction in cross sectional area is less than 50%, 
the stress corrosion component can be considered a primary 
contributory factor in the failure mechanism. 

In the following examples, the threshold level for SCC 
of a typical pressure vessel steel in Bayer liquors is 
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established for a range of liquor temperatures and caustic 
concentrations together with the effect of hydrogen peroxide 
dosing on material exposed to caustic liquors above the 
threshold level. 
EXAMPLE 1: 

Using the SSRT technique, the effect of liquor 
concentration and temperature on the stress corrosion 
sensitivity of a typical pressure vessel steel (Table 1) was 
e s tablished . 

Table _1 - Composition of Pressure Vessel Quality Steel 

Composition wt % 
C Mn P S Si Fe 

0.31 0.85 0.035 0.04 0.05 Rem. 

to 
1 .25 

The spent liquor used for the tests was taken from the 
spent liquor circuit of an alumina refinery (Table 2). 
Table '_2 - Analysis of Spent Liquor 

Caustic 









sJS. 


Ratio 


1. 


Alumina 




84.8 


0.378 


2. 


Caustic 


Soda (as Na 2 C03) 


224.4 




3. 


Total Soda 


262.9 




4. 


Total Sodium 


326.8 




5. 


P2O5 




0.11 


0.0005 


6. 


p 2°5 as 


Soda 


0.25 




7. 


Si02 




0.47 


0.0021 


8. 


S1O2 as 


Soda 


0.83 




9. 


v 2 o 5 




0.80 


0.0036 


10. 


V 2 0 5 as 


Soda 


1.40 




11 . 


NaCl 




14.32 


0.0638 


12 . 


NaCl as 


Soda 


12.99 




13. 


Na 2 S04 




0.32 


0.0014 


14. 


Na 2 S04 as So ^ a 


0.24 




15 . 


Non Caustic Soda 


102.4 


0.456 


16 . 


Carbonate Soda 


38.5 


0. 172 


17 . 


Non Alkaline Soda 


63.9 


0.285 


18. 


Sodium Oxalate 


3. 19 


0.014 
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19. Oxalate as Soda 2.52 - 

20. Total Inorganic Non Alkaline Soda 15.71 0.070 

21. Total Organic Soda 45.67 0.204 

22. T00C as Soda 226.0 1.007 

23. Fe 2 0 3 0.004 
24 *. C / 3 0.854 

25. S/Total Sodium 0.804 _ 

26. Kelly Soda 311.0 

The results shown in the graph of Figure 1 clearly 
identify the temperature and caustic concentration above 
which SCC can be expected. At normal caustic concentrations 
(225 g/JL expressed as caustic soda) the threshold 
temperature for SCC is 150°C. At 160°C, SCC can be expected 
to occur in ferrous components stressed close to or beyond 
the yield point of the material. 

Micrographic analysis shows that for SCC non-sensitive 
regions the fractures under testing are ductile, while SCC 
sensitive regions the fractures under testing are brittle. 
The extent of SCC propagation penetrating into the samples 
from the outer surface was noted to be unacceptable above 
the threshold temperature. The micrographs also show the 
marked difference in the reduction of cross-sectional area 
under the two conditions. 
EXAMPLE 2i 

Taking 160°C as a representative temperature at which 
SCC will dominate the failure mechanism, tensile samples 
were exposed to liquors containing increasing levels of 
hydrogen peroxide. The effect of these additions on the 
reduction in cross-sectional area at the time of failure 
and, therefore, the mode of failure is shown in the graph of 
Fig. 2. 

These results demonstrate the increasing benefit of 
peroxide additions at 160°C and also show that stress 
corrosion can be mitigated even at higher caustic 
concentrations. In the latter case the potency of the 
peroxide must be increased to reduce the dosing level. This 
may be improved by adding stabilizers to the peroxide to 
reduce the rate of decomposition to 0 2 and H 2 0. 

SUBSTITUTE SKK* 



WO 89/08728 



) 

PCT/AU89/00IO5 



- 7 - 

CLAIMS: 

1. A process of treating corrosive liquids to protect 
metallic surfaces, and particularly ferrous metallic 
surfaces, exposed to such corrosive liquids, comprising the 
step of increasing the redox potential of the corrosive 
liquid before it contacts the metallic surface to be 
protected whereby the process liquid causes the formation of 
a protective oxide layer on the metallic surface . 

2. The process of claim 1, wherein the step of 
increasing the redox potential of the corrosive liquid is 
achieved by the addition of an oxidizing agent to the 
liquid . 

3. The process of claim 2, wherein the oxidizing 
agent is selected from H 2 0 2 , NaH0 2 , 0 2 , 03, NaN02 and KMnO^ 

4. A process of treating corrosive liquids used in 
the Bayer process, comprising the step of adding to the 
liquor used in the process a material which increases the 
redox potential of the liquor to such an extent that a 
protective oxide layer is formed on metallic surfaces 
contacted by said liquor, 

5. The process of claim A wherein said material is 
selected from H 2 0 2 , NaH0 2 , 0 2 , 0 3 , NaM0 2 and KMnO^ 

6. The process of claim 4, wherein said material is 
H 2 0 2 an< * ^ s added to the spent liquor circuit of the process 
therefore temperature of the spent liquor exceeds about 
160°C at a concentration of approximately 0.05 to 1.5% v/v 
(50 to 3000 mglst of spent liquor, 

7. The process of claim 6 wherein said concentration 
is 200 to 1000 mg/jt of spent liquor. 




BNSDOCID: <WO 8908726A1 I > 



WO 89/08728 



PCT/AU89/00105 



1/2 



o 

CD 
< 

c 

c 

o 

o 
~o 
cr 
£^ 



Ductile Failure 
- No SCC 




Fully Brittle Failure 
High SCC Sensitivity 



-j * * * 



200 



250 



300 



350 



400 



Caustic Cone, (g/l as Na CO_) 



o 

□ 

* 



140°C 



1 50°C 



160°C 



180°C 



Fig. I 



WO 89/08728 



} 

PCT/AU89/00105 



100 



2/2 



90 - 



O TYPICAL BAYER UQOUR 16CC 
(CAUSTIC 225 g/l AS No 2 CO;0 

A CONCENTRATED BAYER UQOUR 1 60* C 
(CAUSTIC 300 g/l AS No £0$ 



< 
LU 

or 
< 

< 
2: 
o 

1 — 
o 

UJ 

CO 

CO 
CO 

o 
q: 
o 



O 

1 — 
o 

3 
Q 
LU 

q: 



80 



70 



60 



50 



40 



30 



20 



10 - 




J L 



J L 



1 . 1 I L 



0.5 



1.0 



1.5 



H 2 0 2 C0NC. (vol %) 



Fig. 2 



SUBSTITUTE SHE£T 



BNSDOCID; <WO B908728A1 I > 



INTERNATIONAL SEARCH REPORT 



International Apgi.CJi.on No PCT/AU 89/00105 



I. CLASSIFICATION Or SUBJECT MATTER l*t sc-^rjl classic 3U*n t^:a!< .1 = 31,. :nc:::f SiQ * 



According to lnf#»n»nonjl Patent CUt nfice lion (IPC) or to both National Classification and IPC 

Int. CI. 4 C23F 11/06,11/18 



It. FIELDS SEARCHED 



Minimum Documenta:ion Searched ' 



Classification System | 



Classification Symbols 



IPC 
US CL 



C23F 11/06, 11/18 
422/12, 422/13 



Documentation Searched other than Minimum Documentation ■ 
to the Extent tnet such Documents are Included In the Field* Searched • 



AU: IPC as above 



DOCUMENTS CONStPERED TO BE RELEVANT' 



C*\?go€~\ Citation ol Document. " with Indicition. whert tcaropfUte. ol the relevant -«««»c*« '» I Relevant to Claim Ne. " 



US,A, 1765344 (PIETZSCH et al ) 17 June 1930 
(17.06.30) 

X GB,A, 1142317 (EICKMEYER) 5 February 1969 (05.02.69) 

X US,A, 3721526 (F0R0ULTS et al ) 20 March 1973 
(20.03.73) 

GB.A, 1433298 (THE BENFIELD CORPORATION) 22 April 
1976 (22.04.76)- 

AU.B, 68346/74 (479763) (IMPERIAL CHEMICAL 
INDUSTRIES LTD) 30 October 1975 (30.10.75) 

AU, 8,29749/77 (514258) (DOW CHEMICAL CO.) 26 April 
1979 (26.04.79) 

GB.A, 1579307 (W R GRACE & CO.) 19 November 1980 
(19.11.80) 

Patents Abstracts of Japan, C-83, page 159, 
JP.A, 56-119783 (SUMITOMO KINZ0KU K0GY0 KK) 
19 September 1981 (19.09.81) 

Patents Abstracts of Japan, C-347, page 19, 
JP,A, 60-258484 (MITSUBISHI JUK0GY0 KK) 20 December 
1985 (20.12.85) (continued) 



(1-3) 

(1-3) 
(1-3) 

(1-3) 

(1-2) 

(1-3) 

(1-3) 

(1-2) 

(1-3) 



* Special categories of cited documents: *° 

-A" document defining the General state c* the art which is not 

considered to Oe of parucuUr relevance 
**£" earlior document but published on or aher the international 

filing date 

*L" document which may threw doubts on p:\or\U etaimjsl or 
wr..ch is cited to esla^Ssh Utn pjtihcntion Ci'.t c* another 
citation or other special reason f*s specified) 

"O** document referring to an oral disclosure, use, »irwbit<on or 
other means 

"P" document rufclished pnor to the international filing date but 
later than the priority date Claimed 



■T" later document published after (he International film;} date 
or priority eate and not in conflict- with tho asalicstion but 
cr.ed to understand the principle or thoory underlying the 
invention 

"X** document of particular rtlovanco: the claimed invention 
cannot be considered novol or cannot be considered to 
lnvoI*s an inventive *l*p 

"Y" dc:cm»nt ol p = rtiruljr relevance; the claimed invention 
C*.n.-.ol be considered to involve an Inventive- tteO when lt\& 
document is comp»ord witn onii or moro other «uch docu- 
ments, tucn combination being obvious to a person tailed 
In the or-.. 

-A" document member o( the tame patent family 



IV. CERTIFICATION 



Date ol the Actujf Completion of the International Search 

30 May 1989 (30.05.89) 



Oetc of Milling ol thia International Search Report 



International Ses'irnr-g Author, ty 

Australian Patent Office 



naive Aut^srixed OrTiccr 



-f^ A.W. WINCH 



Form PCT/ISA/riO 'ireond »nc*t) (Ja I5fl*) 



} 



lnte/n*t.onjl Aooi.cjt.oo No. PCT/AU 89/00105 
FURTHER INFORMATION CONTINUED FROM THE SECOND SHEET 



X 
X 
X 


US,A, 4443340 (MAY et al ) 17 April 1984 (17.04.84) 

EP.A, 96151 (MONTEDISON SPA) 21 December 1983(21.12.83 
(& US .A. 4758311 } 

Derwent Abstract Accession No 87-261507/37, Class Q51, 
JP,A, 61-24872 (HITACH KK) 6 February 1986 
(06.02.86) 


(1-2) 
(1-3) 
(1-3) 


V.|_J OBSERVATIONS WHERE CERTAIN CLAIMS WERE FOUND UNSEARCHABLE • 



Thit international search report hasr.ot been established In resoect of certain claim* under Article 17(2} (a) far the following reasons: 
t.|j Cum numbers ,., ,. . because they 'elate to subject mitttf not required to be searched by this Authority, namely: 



2.f j Claim numbers . because they relate to parts of the International application that do not comply with the prescribed require* 

ments to tuch art extent that no meaningful international searcn can be carried out. specifically: 



3.{| Claim numbers^. . because they are dependent claims and are not drafted in accordance frith trve second and third sentences of 

BCT Rule 6.4{a). 



vr Q OBSERVATIONS WHERE UNITY OF INVENTION IS LACKING * 

This Interactions! Searching Authority found multiple Inventions In this International application as follows: 



As all required additional search tees were timely paid by the applicant, this Interr.a'Jpnal search report covers all searchable claims 
of the International application. 

2- j 1 A* only jomt o! the reauifed edrirtionol icarch fee* wen timely paid by the apolleent, th!t Int-rnnliono! search report covert ont/ 
those claims of the International application for which feea wert paid, specifically claims: 



3 *CD No r -O ulr *cI additional f earch lees were timely paid by the applicant. Consequently, this InternAtlonal seerch report Is restricted to 
the Invention first mentioned Itilhe claims; It Is covered by claim numbers; r ~ 

4 CD As all searchable ciaims could "bewrchedwiihout effort justifying an additional fee, the International Searching Authority did not 
invite payment of any adCi:ioo*H**. 

Remark on Protest 

[ j The additional search feet were atcorr.ranied by apo'lcant'i protest. 

| | tio protest accompanied the nn/r-«nt of addition*: •#arcn !«•». 



Form rCT/:SA;2lO (n,pp!ener.M t^eel P} 1 " (J-nuiry 19S5) 

BMSDOCID: <WO B90872BA1 1 > 



) • ... 



